Introduction
Childhood obesity is recognized as a serious public health problem nationally and globally (1) (2) (3) (4) (5) . Increasingly, US federal initiatives and agenda-setting organizations have called for environmental and policy actions that use system concepts and tools (6) or incorporate multiple behaviour change strategies to affect physical activity, nutrition and healthy weight of children (2) . These organizations recommend using a comprehensive set of community programs and policies (CPPs) that address multiple behaviours, reach intended targets through relevant sectors of the community (3) , are driven by communities and benefit all segments of communities (7) .
Although multi-level interventions implemented in school and community settings can impact obesity (8) , few published accounts communicate the dose of community intervention associated with improvements in markers of healthy weight among a community's children. In one exception, Economos et al. (9) examined the effects of a comprehensive community initiative that resulted in improvements in body mass index (BMI) z scores among children in the intervention vs. control groups in Massachusetts. Although some activities that made up the comprehensive intervention were documented, each was treated as though it contributed equally to the BMI changes that were observed. A challenge with understanding comprehensive efforts is determining how to systematically measure the independent variable, that is, the number and intensity of programs and policies that were implemented in the community (10) .
Some researchers have attempted to measure the intensity -or potential dose -of comprehensive community health initiatives. For instance, Glasgow et al. (11) proposed using the Reach, Effectiveness, Adoption, Implementation and Maintenance (RE-AIM) model that characterizes elements, such as reach, to help understand the impact of single programs or policies. In an evaluation of the Kaiser Permanente Community Health Initiative, Cheadle et al. (12) used the dimensions of reach, efficacy and strength to describe and compare the 'dose' of single strategies or interventions used in the community health initiatives; 'high-dose' strategies, those that had high reach and high strength, were correlated with improvement in health behaviours. To measure the intensity, or dose, of multiple CPPs in a chronic disease prevention initiative, Collie-Akers et al. (10) applied a weighting scheme to three key CPP attributes: behaviour change strategy used, duration and reach. The development of measures of intensity of community health initiatives -including those aimed at preventing childhood obesity -is a critical need in understanding the potential contribution of combinations of programs and policies occurring in communities (13) .
To address how community efforts may be related to childhood obesity, the National Institutes of Health initiated the Healthy Communities Study (HCS). The HCS examined the association of community programmes and policies aimed at improving nutrition and/or increasing physical activity with markers of childhood obesity in a diverse sample of 130 US communities (14) . To measure the exposure of children to programs and policies, data were collected to identify instances of CPPs that occurred during the 10-year retrospective study period. The information on particular attributes, such as strength of behaviour change strategy and estimated reach, was used to create CPP intensity scores. Consistent with recommendations that community health initiatives target multiple behaviours and use multiple strategies, two additional scores were calculated: (i) a CPP target behaviour score (i.e. measuring the number of different nutrition and physical activity behaviours targeted by CPPs) and (ii) a CPP behaviour change strategy score (i.e. measuring how many different change strategies were used). The purpose of this study is to describe what was observed in these communities using these measures of intensity and targeting of CPPs addressing childhood obesity prevention.
Methods

Study design and community selection
The HCS was an observational study involving current and retrospective data collection of child weight and height and CPPs. Data collection occurred in 130 communities between 2013 and 2015. For the purposes of this study, community (defined as a single high-school catchment area) was the unit of analysis. Selection of communities included a purposive sample of communities identified as having active interventions and a randomly selected sample of communities stratified on the basis of sociodemographic characteristics (15, 16) .
Protocol for community measurement
Using methods developed by the University of Kansas (10, 17) , a community measurement protocol was designed to document, code, characterize and calculate the intensity of the multiple CPPs identified in each community (18) . Although data collection occurred from 2013 to 2015, retrospective collection of CPP data allowed for CPPs to be documented for the prior 10 years. Figure S1 and Table S1 outline this protocol for community measurement and provide examples to illustrate its use.
To identify and document instances of CPPs, trained field data collectors conducted interviews with an average of 11 key informants (KI) per community (range [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . KIs, such as school principals or parks and recreation directors, were selected from different sectors. They were identified for their knowledge of community efforts to address childhood obesity and their time spent living and/or working in the community. Interviews were conducted using scripted prompts to gather information intended to develop a complete list of CPPs in each community. Also, document abstraction was used to identify instances of CPPs from archived reports, web searches and other written sources.
For a reported activity to be coded as an instance of a CPP, it had to meet five specified criteria outlined in the coding definitions and scoring instructions (18) : (i) it occurred (or was initiated) during the 10-year study period; (ii) it was a program, policy or other change to the environment that was implemented or occurred in the community during the study period; (iii) it was related to nutrition, physical activity and/or weight control/prevention of childhood obesity; (iv) it targeted or benefited children ages 4 to 15 years of age and (v) it occurred in or benefited children in the defined community. Research staff scored each documented activity as an instance (or not) of a CPP, and KU staff independently scored a randomly selected set of 10% of identified CPPs as part of quality assurance procedures. Inter-observer agreement was assessed for all variables coded or recoded, and calculated inter-observer agreement proportions were >0.80 for all variables. Each coded instance of a CPP was further characterized by attributes used in intensity scoring (refer in the succeeding texts) as well as other attributes (e.g. goal addressed -whether nutrition, physical activity, both; target behaviour addressed).
The researchers used scoring instructions to implement this measurement approach. A set of activities implemented at the same time and in the same setting was coded as one instance of a community program or policy (e.g. a Safe Routes to School intervention that included a Walk to School kickoff event, posters, etc.). To represent an instance of a CPP over time, a program or policy, such as an expanded bike path, was coded as one instance of a CPP, and it was represented as occurring in each of the years in which it was present in the environment. To add up CPPs for a community, each instance (e.g. an elementary school presentation about healthy eating and PA) was added to all others to calculate a combined total of CPPs for that year.
Methods for calculating intensity
Several methods for estimating the intensity or potential contribution of identified CPPs were explored, each using a somewhat different combination of attributes and related formulae. The original intent of the study was to use a single intensity score for each CPP (aggregated for the community) to examine potential associations between CPPs and weight status of children. The overall community intensity score is based on the sum of the CPPs for a given community in a given year. Two other targeting indices -a CPP target behaviour score and a CPP behaviour change strategy score -were also calculated.
CPP intensity score (CPP-Int)
To characterize CPPs for intensity scoring, each coded CPP was scored for three specific attributes: (i) behavioural intervention strategy used, (ii) duration of CPP and (iii) reach (i.e. the proportion of the total number of children in the catchment area estimated to be involved in or to have experienced the CPP). Each attribute was assigned a numerical value based on its relative strength (e.g. an environmental change that reached a higher percentage of the intended population received a higher weight than a small program reaching a few children). Table 1 provides examples of CPPs observed in the study, the categorizations of attributes and calculations used in intensity scoring. The values across all three attributes (i.e. behaviour change strategy, duration and reach) were averaged to create a single overall intensity score for each CPP. Using this method, each CPP documented could range in score from 0.1 (weakest and potentially of less influence on outcomes), to 0.55 (medium strength and influence), to 1.0 (strongest and potentially of greater influence). CPP intensity scores for distinct CPPs within a community were then summed for an overall community intensity score. The possible unstandardized scores for community intensity in a given year could range from zero (if no CPPs were documented) to the maximum number of CPPs (if all CPPs used a high behaviour change strategy, long duration and high reach). In its standardized form, the maximum value was found empirically by observing intensity scores across all communities (16) .
CPP target behaviour score (CPP-Behav)
Instances of CPPs were further characterized for attributes that might be associated with their contribution to addressing childhood obesity, that is, specific behaviours targeted for nutrition (e.g. increase consumption of fruits and vegetables) or physical activity (e.g. increase PA in after school programs). The target behaviour objectives were identified by the scientific team, based on their expertise in each topic. As described in Frongillo et al. (19) , this targeting score was calculated using the total number of unique target behaviours across all CPPs in each community in each year. Each CPP was coded for one or more of 24 unique target behaviours (Table 1) , 11 related to nutrition and 13 related to physical activity. The possible scores in a given year could range from 0 to 24.
CPP strategy score (CPP-Strat)
This score was calculated using the number of unique behaviour change strategies across all CPPs in each community in each year. Each CPP was characterized for one or more of six different behaviour change strategies: (i) providing information and enhancing skills; (ii) enhancing services and support; (iii) changing consequences; (iv) modifying opportunities, barriers and access; (v) modifying policies and broader systems and (vi) other. The possible scores could range from one to six.
Calculations of intensity and targeting scores were performed for CPPs occurring in each year of the 10-year study period using the documented year of onset and offset for each CPP. All scores for each year were standardized to a scale of 0 to 1 (i.e. with 0 being the minimum and 1 being the maximum). To permit a consistent interpretation, these continuous community-specific CPP intensity scores were standardized across all communities and all years (16) .
Analysis
Data were summarized by compiling CPP community intensity scores over the 10-year study period. Onset and/or offset dates were missing for about 18% of the CPPs identified by key informants or document abstraction. To address missing data, the data set underwent multiple imputation by predicting the onset and offset dates of individual CPPs using community information (20) . Descriptive analysis was conducted to report on the presence and characterization of CPPs in 130 communities over the 10-year retrospective period. To explore whether or not the slopes of the CPP-Int, CPP-Behav and CPP-Strat changed significantly over time, a mixed model was used that allowed for community-specific random intercepts and slopes, along with a fixed-effect trend over time that aggregated results across all 130 communities for the overall trend.
Results
KI interviews (n = 1421) and document abstraction resulted in the identification of 9681 distinct CPPs in the 130 communities over the 10-year study period. Of these, 2596 (27%) focused on nutrition, 5574 (58%) focused on physical activity and 1511 (16%) focused on both nutrition and physical activity. The mean number of CPPs per community was 74, with a range of 25-295.
CPP intensity scores (CPP-Int)
Among all CPPs (n = 9681), duration for the majority (62.9%) was scored as occurring more than once (medium) in a year, while 27.9% were scored as being ongoing or continuously present. In terms of reach, almost 80% of CPPs were scored as low or estimated to reach only 1-5% of the children in the catchment area. More than half (56.3%) of CPPs were assigned behaviour change strategies that fell into the medium category (i.e. enhancing services and support or changing consequences), and 33.4% fell into the high category (i.e. modifying access, opportunities or barriers; modifying policies and systems). For CPPs focused on physical activity, distribution of the key CPP attributes reflected the same patterns as for all CPPs (nutrition and physical activity combined), although the proportion in each of the categories was higher than for all CPPs. For nutrition-focused CPPs, the majority were medium in duration (57.4%) and low in reach (75.9%), and just over half (50.8%) scored in the high category for behaviour change strategy (i.e. modifying access, opportunities or barriers; modifying policies or systems).
Using these variables, a CPP intensity score was established for each of the 130 communities for each year of the study period. Table 2 contains information about the intensity score for all communities.
CPP-Int varied considerably across communities and across years (Fig. 1, panel 1) . Most communities had a steady, modest increase in intensity of efforts to address childhood obesity over time. Some communities had steep and sharp increases in intensity, particularly between 2009 and 2011. Overall, there was a statistically significant (p < 0.0001) increase in CPP intensity score over the 10-year study period.
CPP behaviour scores (CPP-Behav)
As seen in Table 1 , more of the nutrition-focused CPPs aimed to increase consumption of fruits and vegetables (29.2%) than other target behaviours. The physical activity-focused CPPs were primarily distributed among CPPs that aimed to increase participation in community physical activity opportunities (27.9%), physical activity in afterschool programs (26.8%) or physical activity at home or with family (23.6%).
Most communities expanded the number of target behaviours addressed over time, as captured in the CPP target behaviour score (Fig. 1, panel 2) . For instance, one community began with only five behaviours targeted to be addressed (in 2006), but increased to targeting over 15 different behaviours related to nutrition and physical activity (by 2015). Beginning in 2009, it appears that many communities addressed more target behaviours. Over the 10-year study period, the range of targeted behaviours narrowed considerably, from 7 to 24 in 2006 to 17-24 in 2015. There was a statistically significant (p < 0.0001) increase in CPP target behaviour score -that is, more different behaviours related to physical activity and nutrition targeted -over the 10-year study period.
CPP strategy score (CPP-Strat) Overall, the standardized mean for CPP-Int of 0.36 did not change substantially over time; it generally ranged from 0.35 to 0.37 (Table 2 ). For CPP-Behav and CPP-Strat, the standardized mean for recent years was higher than for earlier years (Table 2) . For the intensity score and two targeting scores, those for physical activity-focused CPPs were higher than for nutrition-focused CPPs. In addition, the CPP-Int scores, on average, were on the lower end of the possible scores, while the mean scores for the CPPBehav and CPP-Strat measures tended to be on the higher end of the available scores.
Discussion
Communities varied greatly in the intensity and targeting of their efforts to address childhood obesity. The documentation, coding and characterization of Intensity of community programs and policies | 61 nearly 10 000 CPPs in 130 communities enabled examination of the dose (quantity and intensity) of childhood obesity efforts being implemented across the USA. Community efforts appear to be more comprehensive over time -to target more behaviours related to physical activity and nutrition. This is important, because the HCS investigators found that the CPP target behaviour score was significantly associated with lower BMI in children (19) . The CPP intensity scores suggest that the intensity or dose of community efforts has generally grown over time. This is important because the HCS team found average BMI difference of 1.4 kg m À2 (p value <0.01) between communities with the highest and lowest observed CPP intensity scores (21) , with communities with higher CPP intensity scores having lower BMI averages than communities with lower CPP intensity scores.
This observational study found substantial increases in CPP activity, beginning near the midpoint of the study period (2009) (2010) (2011) . Potential explanations for this observed increase include two correlated events: (i) recommendations and calls to action by agenda-setting organizations, including reports from the National Academies of Science and the US Centers for Disease Control and Prevention, and (ii) subsequent increases in initiatives and investments in addressing childhood obesity by national and local grantmakers.
The science and practice of community health promotion requires a better understanding of what communities are doing to address important public health issues, which in turn requires a better measure of the 'exposure' variable. Although the demonstrated association between intensity scoring and BMI in the HCS is encouraging, more research is needed to discover valid and cost-effective community measurement approaches. For instance, both RE-AIM model and the population dose methods compute a separate reach and strength/effect size measure and then multiply the two together, rather than averaging measures as was done in the HCS. Further exploration of these and other promising approaches can lead to (i) reliable capture and coding of community programs and policies, (ii) their characterization by key attributes (e.g. strength of strategy, reach, duration) and (iii) valid methods for measuring the intensity or dose of comprehensive community interventions. This study and further research can help us better understand what community and environmental conditions are necessary to achieve improvements in population health and health equity.
Conflict of interest statement
The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health (NIH) or the US government.
